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Introduction 
• Mesoscale models are now widely used as tools for wind 
power forecasting and to estimate wind energy resources at 
the regional scale 
• These models (e.g. WRF) have been optimized for weather 
forecasting, not for wind energy applications 
• In depth validation and sensitivity has yet to be carried out  
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WRF modeling for the NORSEWInD project 
• NORSEWInD is a ground-breaking EU 
project to provide a dependable offshore 
wind atlas of the North, Irish and Baltic 
Seas  
• DTU conducted WRF simulations for this 
project covering the Eastern North and 
South Baltic Seas 
• Simulations conducted: 
– WRF V3.2.1 
– 15 km, 5 km horizontal grid spacing 
– Control simulation: 2006-2011 
– WRF analysis technique 
• No sensitivity to grid resolution, size, or 
placement was carried out 
• Not an exhaustive number of 
simulations 
• Most sensitivity experiments conducted for 
a whole year during 2010. 
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Summary of wind atlas validation 
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Flow affected by a nearby wind farm 
Coastal sites 
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Summary of sensitivity experiments 
Experiments Parameters used/changed Changes in 
mean 100 
meter wind 
speed 
Driving reanalysis ERA Interim versus CFSR initial and 
boundary conditions 
< 3% 
Sea surface 
temperatures 
1/4° versus 1/12° horizontal 
resolution 
< 1% 
Number of vertical 
levels 
41 versus 63 vertical levels < 2% 
PBL scheme MJY versus YSU (old + corrected) up to 6% 
Re-initialization an 
nudging method 
WRF analysis (10 days runs) versus 
daily simulations 
5-6% depending 
on spin up period 
Surface roughness Forest roughness: 0.5  2 meters  up to -20% 
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Sensitivity to PBL scheme 
• Two of the most used schemes in WRF: 
– Mellor-Yamada-Janic (MYJ), 1.5 order scheme 
– Yonsei University (YSU), 1st order scheme 
– A bug in the code (too large diffusivity constant under stable 
conditions) found in September 2012.  
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Sensitivity to integration  
method 
• Analysis method (uses above PBL 
nudging) and 11 day long overlapping 
simulations. First 24 hours are 
disregarded (Hahmann et al 2010) 
• Many in the industry use daily 
simulations; New runs are lunched 
daily, 3-12 hours are disregarded 
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Sensitivity to roughness length (forest 
experiment) 
• Very low values of roughness 
length over forest 
• Validation at forest site Ryningsnäs 
in Southeast Sweden 
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Conclusions 
• Very little sensitivity in the mean wind speed found due to reanalysis 
used, sea surface temperature, or number of vertical levels. 
– very well instrumented region (meteorologically) 
– sea surface temperatures do not play a crucial role in this wind 
climate 
– strong internal adjustment between different parameterizations 
dominates model solution 
• Large sensitivity to PBL scheme, large strange behavior of the rather 
popular (and wrong) YSU scheme (pre-V3.4.1) 
• The choice of spin-up period can be important, but mainly over land  
• Choice of roughness length can be crucial for land sites; roughness in 
WRF too low for forest, and until WRF V3.2, too high for grassland sites  
• However, response to roughness changes is smaller that what would be 
expected from simple similarity theory  
EWEA 2013, Vienna 10 4 February 
2013 
DTU Wind Energy, Technical University of Denmark EWEA 2013, Vienna 11 4 February 
2013 
http://www.norsewind.eu 
DTU Wind Energy, Technical University of Denmark EWEA 2013, Vienna 12 4 February 
2013 
